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Undemvater  Blsper-slon  of  Air-laid  Gi’ound  Mines 
Operation  MUD  - 13  Deceraber  1951  - 12  February  1952 

by 

M,  C.  Mertz  and  R.  K.  Srnither- 


SUinmar^r 

1.  'Fnii'  l8  a report  of  a.n  investigation  of  the  underwater 

ctispsrsion  oi‘  air- laid  ground  r.iincn,  based  cn  data  obtained  by 
optical  sight.;'  dur;jrg  Operation  Ycrktown.  Virginia,  between 

?!3  December  j;;9i  and  12  February  1952.  The  results  are  first 
nte.ted  in  too  forin  of  rectangular  coordinates  of  the  splash  point 
v/’i}'.  the  .>rtg.<n  tahen  at  a flKod  point  on  shore.  Undar^^ater  rano:e 
and  underwal:or  course  azirauth  (defined  on  pp . 2,  3)  ^^r-e  analyzed 

;:o  doteriiilne  angular-  and  ra.diai  distribution  of  the  inines  recovered 

2.  The  number  of  mines  receve-r-ed  ’within  a given  radius 

n.T.:Ounted  to  about.  ‘Jl%  fo:.?  a 25-itetGr-  radius,  S2p  in  a 50~meter 
radius.  Thone  for  v;hieh  the  distance  was  more  than  50  meters 
correlate  sts’ongly  v?lth  skips,  long  ''slides’'  on  the  surface,  or 
secondary  oplaelios  c-n  radar  or  f . ho  depth  correlation  vjas 

boaalhle  for  raasoas  dlocusBod  on  page  'J . 

» 

3.  1 marked  forward,  asymmetry  w'ui  found,  twice  as  many  of 
the  mines  lyiVig  f..;rn£rd  of  the  splosh  as  behind  it.  Left-right 
asymmetry  lean  not  noticeable . 


D:vica^  and^lecaic^icr;  to  X,  '^Coor^n  r-.t-es^ 

4,  Too  tjriginal  splash  data  '^rerc  obtained  by  nbree  theodolite 
observatiar.D  of  each  fuV.ash,  ana  r‘:eorc.Gd  as  angles  with  reference 
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to  other-  observation  points.  Geographic  coordinates  of  the  obser- 
vation points  are  available .elsewhere^,  and  these  points  are  plotted 
and  labeled  on  the  chart.  Figure  1.  Also  shown  on  this  chart  are 
the  target  position^  labeled  with  the  dates.  Where  two  different 
target  positions  were  used  on  the  same  date,  they  are  labeled  A and  B. 

5.  Coordinates  of  the  vertices  of  the  error  triangle  result- 
ing from  the  intersections  of  the  three  sighting  lines  were  cal- 
culated trigonometrically  and  plotted,  and  a geometric  method  of 

finding  the  most  probable  splash  point  from  the  error  triangle 

2,3 

was  devised  and  used  . It  is  to  be  noted  that  this  treatment 
of  the  data  gives  a check  on  the  computations,  as  the  sides  of  the 
error  triangle,  once  the  vertices  have  been  plotted,  must  be  par- 
allel to  the  original  lines  of  sight.  Further,  the  size  of  this 
triangle  gives  an  immediate  idea  of  the  dependability  of  the  obser- 
vations used.  The  method  of  analysis  Involved  taking  the  three 
observations  to  be  of  equal  weight.  We  have  assumed,  in  other 
words,  that  at  the  ranges  at  which  these  sights  were  taken  the  most 
important  source  of  error  would  be  difficulty  in  ascertaining  the 
center  of  the  splash,  hence  the  error  (the  distance  from  the  true 
entry  point  to  the  sight  line)  would  be  substant3.ally  Independent 

of  the  distance  of  the  splash  from  the  sighting  point. 

4 

6.  The  mean  probable  error  in  the  position  of  the  splash 
point  is  6.1  meters.  The  median  probable  error  is  2.2  meters,  the 
difference  being  due  to  quite  large  probable  errors  in  a small 
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7.  Recovery  points  in  general  Involve  only  t\io  sights,  and 
for  this  reason  no  estimate  as  to  their  accuracy  la  feasible. 
Moreover,  radar  data  are  not  available  to  check  dubious  recoveries. 

8.  Ail  splash  points  are  stated  In  cartesian  coordinates 
with  the  origin  at  the  observation  point  on  Pier  Two.  For  con- 
venience, the  positive  X axis  was  taken  true  east,  the  positive 
Y axis,  true  north.  Units  are  meters. 


Further  Reduction  of  Data 

9.  Two  parameters,  defined  in  an  earlier  study  of  the  same 

5 

nature  as  this  one  , ar?  of  particular  concern; 

(a)  The  underwater  range  , defined  as  the  horizontal  dis- 
tance between  the  mine’s  entry  point  Into  the  water  and  Its  rest- 
ing point  on  the  bottom. 

(b)  The  underwater  course  azimuth,  defined  as  the  hori- 
zontal angle  between  the  aircraft  path  and  the  radius  vector  drawn 
from  the  water-entry  point  to  the  resting  point. 

10.  Table  I Includes  the  rectangular  coordinates  of  the  splash 
point,  underwater  range  and  course  azimuth,  probable  error  of  the 
splash  point  determination,  drop  area,  type  of  mine,  altitude,  and 
any  special  features  of  the  drop,  recovery,  or  computations. 


Analysis 

11.  Figure  2 is  a plot  of  underwater  range  and  course  azimuth 
for  the  48  us’^ablefidrops . Results  which  are  obviously  absurd  {appar- 
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ant  uiider»ja.ter  r’ango  grea'ier  than  400  yards,  not  In  a ror-vrard 
direction)  appear  in  four  oases , and  are  thought  to  be  duo  to  majo 
errors  in  observations  of  the  r*ecovei>y,  as  the  splash  points 
check  well  with  radar  observations  and  the  error  triangles  are 
small.  Tl'iese  four  cases  have  been  excluded  fro.e  consideration. 

In  addition,  eight  drops  for  ivhlch  no  x'ecovery  vras  made,  or  for 
vmlch  no  sights  were  taken  on  the  recovery,  iuwe  been  excluded. 

All  othex>  drops  are  considered.  It  must  be  pointed  out  that  pre- 
sumably the  dispersion  distance  of  drops  for  v/hlch  no  recovery 
vjas  made  vjould  be  greater  than  average,  else  the  recovery  would 
have  been  successful.  However,  we  have  no  i»jay  of  establishing 


a correction  IXi  these  cases. 

12.  An  a.ttempt  was  made  to  discover  the  explanation  for 
reasonable  but  exceptional  values  of  underwater  range  (greater 
than  50  maters),  and  to  this  end  motion  pictureji# photographs,  and 
radar  resiilts  havo  been  studied.  It  now  appears  that  in  all  such 
drops  for  i’;hicn  mctlon  picture  or  r-ad;ir  data  s.re  available,  the 
hehavlor  of  the  mine-  irn'clved  either  a long  "slide”,  as  shoi^n  on 
the  radar,  or  a definite  "skip”  or  secondary  splash  or  some  other 
nature,  detectable  on  -radar,  films,  or  both. 

13.  Figures  pa,  3b,  4a,  and  4b  are  separate  plots  of  'the 


underwater  range  and  course  azimuth  for*  cei-tain  drops  having  a 
significant  parameter  in  common.  Too  fev;  data  are  present  to 
make  individual  hlstogramo  practical . 
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Plgure  3a  includes  all  drops  nominally  made  In  drop 
areas  I and  Dog,  average  depth  4l.2  feet.  Target  positions  for 
these  drops  are  shovm  as  solid  circles  on  the  chart,  Figure  1. 

Figure  3b  includes  all  other  drops,  nominally  made  in 
drop  area  II,  average  depth  55-8  feet.  Targets  for  these  drops 
appear  on  the  chart  as  open  circles. 

Figure  4a  presents  all  drops  made  v/ith  parachutes. 

Figure  4b  includes  all  drops  made  from  high  altitudes. 

Dive  angles  and  altitudes  are  indicated  by  the  symbols  used. 

14=  Radial  distribution:  Figure  indicates  the  number  of 

mines,  and  the  percent  of  all  mines  considered,  liavlng  an  underwater* 
range  less  bhan  a given  value,  i.e.,  the  total  number  of  mines  to 
be  found  in  a circle  of  given  radius  centered  at  the  splash  point. 
There  are  several  apparent  "gaps"  in  the  curve.  In  all  probability, 
these  gaps  mean  merely  that  no  mines  happened  to  be  revcovered  at 


cms  v^-x-i/icuiar  distance  rrom 
gaps  would  be  smoothed  out  if 


the  apiash  point.  F resumably, 
enough  data  were  available, 
recovery  pcj.nts  fall  vjithin 


such 
It  will 

^ X ^ ^ ^ 

Ck  JL^ 


Of  radius  25  meters  from  the  splash  point,  and  about  82^  within  a 
radius  of  50  meters. 

Figure  5b  shows  the  number  of  mines  to  fee  found  in  a 
ring  five  meters  wide,  centered  at  the  splash,  plotted  against 


the 


inner  radius  of  the  x*ing  at  five  meter 


interv 


/>  *i  c* 
ct  j.  o 


The  total 


ni-iinber-  of  mines 


in  the  first  ring  is  somewhat  smaller  than  the  number 
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iii  the  next  ring,  due  to  the  greater  area  of  the  second  ring. 

Figure  5c  presents  the  sarae  da.ta  in  a different  form . 

He-'e  we  have  the  number  of  mines  to  be  found  per  unit  area  (5OO 
square  meters)  in  the  same  intervals  as  Figure  3b.  As  has  been 
pointed  out  previously^,  this  form  of  the  data  should  afford  a more 
useful  criterion  in  evaluating  underv/ater  mine  location, 

^5'  Angular  distribution;  Figure  6 shows  the  number  of  mines 
in  a 50°  sector  whose  center  line  makes  a given  angle  with  the 
course  of  the  aircraft,  plotted  at  10°  Intervals.  No  distinction 
has  been  made  here  between  positive  and  negative  angles.  In  other 
words,  mines  having  an  underwater  course  azimuth  angle  to  the  left 
of  the  course  of  the  aircraft  have  been  counted  with  those  to  the 
right.  This  procedure  is  probably  justified,  as  left-right 
asymmetry  la  not  pronounced.  On  the  other  hand,  as  may  be  seen 
from  this  presentation  as  well  as  from  Figure  2_,  the  forvrard  trend 
nr  mine  '•results  in  consi.dsrable  asjmitnetrv  alono!  th??  course  of 

the  aircraft.  In  fact,  tvrice  as  many  reco/erles  are  foncard  of  the 
splash  point  as  are  behind  it. 


Comments 

16-  It  should  perhaps  be  noted  at  this  point  that  the  number 
of  drops  was  too  small  for  more  complete  analysis.  Only  eleven 
useful  drops  v;ere  obtained  with  parachutes  and  sixteen  from  high 
altitudes,  rendering  it  difficult  to  determine  dispex’Eion  character- 
istics. Koreover,  other  drop  conditions  v'ere  vsii'led  in  each  case. 
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17.  As  p.entioned  before,  sklnplng  of  the  mirse  may  take  plac;-, 
involving  tvjo  or  even  three  separate  splashes . This  phenomenon 
explains,  at  least  in  part,  why  a number  of  thv*?  plots  seem  to 
represent  an  excessive  amount  of  foriirarcl  motion,  and  a number  of 
others  give  visual  sight  points  a considerable  distance  to  one  side 
or  the  other  of  the  recovery  point.  If  all  the  observers  chose 
the  original  point  of  impact  of  the  mine,  the  apparent  forward 
motion  could  be  due  to  a skip  alone,  or  to  a long,  eurf-board-llke 
"slide"  along  the  surface.  If,  on  the  other  hand  the  observers 
did  not  choose  the  same  splash  for  their  sights,  an  apparent  left 
or  right  motion  of  the  mine  may  result,  due  tc  crossing  of  the  lines 
of  sight  of  the  different  observers.  Comparison  of  our  data  with 
the  corresponding  drop  photographs  has  proven  valuable  in  confirming 
the  effect  of  secondary  splashes  on  the  observers.  Althoxigh  some 
attempt  was  made  by  the  observers  themselves  to  select  the  final 


sp-i.aah  point,  tiiey  were  not  axways  successful. 
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18.  Inasmuch  as  the  depth  data  available^  are  c^uit-e  accurate 
for  the  time  of  recovery,  and  could  be  corrected  to  the  time  of 
drop  with  available  tide  figxires,  the  temptation  to  try  to  correlate 


depth  with  underwater  range  or  azimuth  might  appear  attractive. 

Such  an  attempt,  however,  is  likely  to  load  to  a complv'?tely  spur- 
ious result.  For  example,  if  the  target  were  situated  above  the 
deepest  point  in  an  area  with  a saucer-shaped  bottom,  and  the  mines 
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vjere  all  dropped  near  the  target,  an  excellent  corralation  i<jould 
result.  Indicating  that  the  dispersion  distance  increased  v;ith  a 
decrease  in  depth*  The  actual  dispersion  in  this  case,  hoi^ever, 
could  be  due  entirely  to  other  causes,  and  the  correlation  result 
merely  from  the  depth  of  the  bottom  at  a certain  distance  from  the 
target.  Thus  the  only  meaningful  variation  vjill  correspond  to  an 


average  depth  near  the  target,  and  this  will  differ  for  different 
target  areas.  Separate  plots  are  shown  for  two  average  depths 
(see  Figures  3a  and  3b). 

19-  The  roBults  of  this  study  seem  to  be  in  agreement,  at 
least  in  form,  vrlth  the  results  described  by  Eeringer  and.  Carver, 
reference  5-  Ouv  distribution  appears  consistent  with  their  "over- 


simplified model  taken  from  the  dispersion  of  rifle  bullets  on  a 
target,"  though  the  number  of  drops  available  to  us  did  not  seem 


to  justify  a complete  statistical  treatraent.  The  pei’centage  of 

than  that  vfnicli  they  found.  For  instance,  for  water  depths  compara 
with  ours,  their  resulus  showed  about  93%  in  a circle  of  60  foot 
radius  'v  ,bout  l8.5  meters).  Our  93^  mark  is  at  68  meters.  The 
discrepancy  is  probably  due  in  part  to  less  accurate  observation 
and  in  part  to  the  non-operatlonal  nature  of  the  drops  in  our  case. 
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